Purpose: Nutritional markers, such as total protein, albumin, and vitamin D have been reportedly associated with neonatal outcomes. This study aimed to assess the correlation between nutritional markers at birth and the need for respiratory support on the first day of life. Methods: This retrospective study included 94 newborns admitted to the neonatal intensive care unit of Kyungpook National University Children's Hospital between March and December 2017. We measured levels of nutritional markers, including serum total protein, albumin, ferritin, 25-hydroxyvitamin D (25-OHD), and prealbumin, from cord blood or blood sample within 24 hours after birth. Respiratory support was defined as the use of nasal continuous positive airway pressure, humidified high-flow nasal cannula, or mechanical ventilation on the first day of life. Results: The mean gestational age and birth weight were 36.6±2.3 weeks and 2,714± 575 g, respectively. Serum total protein, albumin, prealbumin, and ferritin levels at birth were significantly correlated with gestational age and birth weight. Total protein, albumin, ferritin, and 25-OHD levels were not correlated with the time to recover birth weight after adjusting for gestational age. Moreover, prealbumin levels at birth were significantly lower in small-for-gestational-age infants than in appropriate-forgestational-age infants. The need for respiratory support on the first day of life decreased 0.058-and 0.001-fold for every 1 g/dL increase in serum total protein (95% confidence interval [CI], 0.004 to 0.833; P=0.036) and albumin (95% CI, 0.000 to 0.136; P=0.009) levels, respectively. Conclusion: Nutritional status at birth could be associated with the need for respiratory support on the first day of life, regardless of the Apgar score.
INTRODUCTION
Several markers, such as total protein, albumin, retinol-binding protein, insulin-like growth factor 1, prealbumin, and vitamin D, have been used as nutritional indicators [1] [2] [3] [4] . Nutritional markers, including total protein, albumin, and vitamin D, are associated with neonatal mortality and other severe adverse outcomes [5] [6] [7] [8] [9] [10] [11] .
In preterm infants, low plasma protein levels at birth have been associated with impaired cardiovascular function, including hypotension and abnormal renal blood flow, and abnormal cerebral ultrasound findings 5, 6) . Furthermore, early hypoproteinemia may be a poor prognostic factor in preterm infants 7) .
In previous studies, low serum albumin within 1 day of birth was associated with longer hospital stay, need for mechanical ventilation, and higher mortality 8, 9) . A low vitamin D level within 24 hours of birth has been linked to an increased duration of positive-pressure ventilation during resuscitation at delivery, need for respiratory support, surfactant use, pneumothorax, pulmonary hemorrhage, chronic lung disease, and mortality 10) . Low maternal and neonatal vitamin D levels were reported as risk factors for bronchopulmonary dysplasia (BPD) and respiratory distress syndrome (RDS) 11, 12) . Nutritional status at birth has been reported to be correlated with respiratory morbidity, mortality, and prognosis. Therefore, we aimed to find the correlation between nutritional markers at birth and the need for respiratory support on the first day of life as well as early weight gain. We also aimed to identify clinical factors associated with nutritional markers and need for respiratory support on the first day of life.
MATERIALS AND METHODS

Study population
This is a retrospective study of 94 newborns admitted to the neonatal intensive care unit (NICU) of Kyungpook National University Children's Hospital between March and December 2017 ( Figure 1 ). We included newborns who met the required feeding volume through enteral feeding and who had measurements of all nutritional biomarkers from cord blood or blood sample within 24 hours after birth. Hence, we excluded those whose nutritional markers were measured beyond 24 hours after birth. We also excluded newborns with chromosomal or major congenital anomalies and those who needed parenteral nutrition. However, we included those with atrial or ventricular septal defect but had no heart failure.
This study was approved by the Institutional Review Board of Kyungpook National University Chilgok Hospital and was granted a waiver of informed consent (approval no. 2018-08-023).
Maternal and neonatal demographic and clinical data
Demographic and clinical data on the mother and infant were collected from medical record reviews. The maternal clinical his tory included premature rupture of membranes (PROM), gestational diabetes mellitus (GDM), and pregnancy-induced hypertension. The neonatal clinical data included gestational age, birth weight, sex, delivery mode, Apgar score at 1 and 5 minutes after birth, use of respiratory support within 24 hours after birth, type of feeding, small for gestational age (SGA), and number of days to recover birth weight. The SGA was defined as the 10th percentile for gestational age as calculated by the 2013 Fenton growth cal culator for preterm infants 13) .
Respiratory support was defined as the use of nasal continuous positive airway pressure, humidified high-flow nasal cannula (HHFNC), or mechanical ventilation on the first day of life. We provided respi ratory support when infants presented with signs of respiratory distress such as tachypnea (respiratory rate >60 breaths/min), severe intercostal and subcostal retractions, apnea with brady cardia (heart rate <100 beats/min), and respiratory acidosis (pH <7.2 and capillary PCO2 >60 mm Hg), and needed more than a 40% to 70% fraction of inspired O2 concentration to maintain >90 % of oxygen saturation. In our NICU, HHFNC with room air was the first line of respiratory support after initial positive pressure ventilator at birth. The mode of respiratory support on the first day of life was assigned depending on the severity of respiratory distress and respiratory acidosis on blood gas. The number of days to recover birth weight was used as a marker of weight gain during the early neonatal period. Feeding was classified into breast milk, preterm formula milk, and formula milk. Feeding with both breast milk and formula milk in a volume ratio of 1:1 was defined as mixed feeding.
Assessment of nutritional markers
We measured the levels of serum total protein, albumin, fer- 
Statistical analysis
Statistical analysis was performed with IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, USA). SGA infants were compared with appropriate for gestational age (AGA) infants using the Mann-Whitney U-test or chi-square test according to continuous or ca tegorical variables. Pearson's correlation was used to analyze the correlation between gestational age and nutritional markers. The correlation between time to recover birth weight and nutritional markers, with adjustment for gestational age, was determined using partial correlation. Comparison of variables according to disease and type of feeding was assessed using one-way analysis of variance. Meanwhile, analysis of potential confounding factors affecting the need for respiratory support on the first day of life was performed using logistic regression. Statistical significance was set at P<0.05.
RESULTS
Population characteristics and nutritional status
The clinical and demographic characteristics of the patients are presented in Table 1 . The mean gestational age was 36.6±2.3 weeks (range, 33.1 to 40.5), and the mean birth weight was 2,714± 575 g (range, 1,810 to 3,840). Of the 94 patients, nine (10.0%) were SGA infants. The mean time to recover birth weight during full enteral feeding was 6.6±3.0 days. Most of the infants (84%) were fed formula milk during the time to recover their birth weight. Sixty-three infants (67%) needed respiratory support on the first day of life. The causes of respiratory support were RDS (12.7%), TTN (20.6%), infection (57.1%), and others (9.6%).
The mean levels of total protein, albumin, and prealbumin at birth were 5.2±0.6 g/dL, 3.3±0.3 g/dL, and 7.9±1.6 mg/dL, respectively, whereas the mean levels of serum ferritin and 25-OHD were 218.0±202.7 and 26.6±14.1 ng/mL, respectively. Figure 2 presented the correlation between gestational age and nutritional markers. The number of days to recover birth weight was correlated with gestational age (r=-0.469, P<0.001).
Correlation between nutritional status at birth and time to recover birth weight
The serum letabvels of total protein (r=0.663, P<0.001), albumin (r=0.542, P<0.001), prealbumin (r=0.332, P=0.001), and ferritin (r=0.352, P<0.001) at birth were also correlated with gestational age, but serum 25-OHD level was not (r=-0.029, P=0.782). Figure  3 shows the correlation between birth weight and nutritional markers. Birth weight was correlated positively with serum concentrations at birth of total protein (r =0.438, P <0.001), albumin (r=0.348, P=0.001), ferritin (r=0.363, P<0.001), and prealbumin (r=0.531, P<0.001), but not with 25-OHD levels (r=-0.043, P=0.686). Days to recover birth weight were correlated with birth weight (r=-0.334, P=0.001). As shown in Figure 4 , the number of days to recover birth weight was correlated with levels of total protein (r=-0.359, P<0.001), albumin (r=-0.335, P=0.002), ferritin (r=-0.309, P=0.004), and 25-OHD (r=0.237, P=0.031), but not with prealbumin levels (r=-0.171, P=0.128). Meanwhile, after adjusting for gestational age, the time to recover birth weight showed no significant correlation with the levels of total protein (r=0.030, P=0.775), albumin (r=0.001, P=0.999), prealbumin (r=-0.028, P=0.787), ferritin (r=-0.098, P=0.352), and 25-OHD (r=0.136, P=0.194) ( Figure 5 ). Table 2 presents the comparison of clinical characteristics and nutritional status at birth between SGA and AGA infants. The proportion of preterm infants, gestational age, time to recover birth weight, and the need for respiratory support on the first day of life were not significantly different between the two groups.
Comparison of nutritional status between SGA and AGA infants
The serum levels of total protein, albumin, ferritin, and 25-OHD were also not significantly different between both groups.
However, prealbumin levels at birth were lower in SGA infants (6.1 mg/dL; interquartile range [IQR], 5.9 to 7.7) than in AGA infants (8.0 mg/dL; IQR, 6.9 to 9.0; P=0.038). In preterm infants, prealbumin levels were not significantly different between both groups, whereas among full-term infants, the prealbumin levels were higher in AGA infants (8.5 mg/dL; IQR, 7.8 to 9.8) than in SGA infants (5.9 mg/dL; IQR, 5.9 to 6.8; P<0.001).
Comparison between nutritional markers and number of days to recover birth weight according to neonatal disease and kinds of feeding
There was no significant difference in gestational age, birth weight, and time to recover birth weight between infants with and without the disease. However, total protein and albumin levels were significantly higher in infants who did not need respiratory support than in infants with diseases ( There was also no difference in the number of days to recover birth weight in terms of type of feeding (Table 4) . Gestational age was different by types of feeding (P=0.001). However, nutritional markers and days to recover birth weight were not significantly different among infants who had formula milk, preterm formula milk, and mixed feeding.
Association between nutritional status and need for respi ratory support on the first day of life
We analyzed the potential confounding factors associated with the need for respiratory support on the first day of life of the newborn ( Table 5) . A higher Apgar score at 1 minute was associated with a lower need for respiratory support. The need for respiratory support on the first day of life decreased 0.058 and 0.001 
DISCUSSION
In this study, nutritional markers at birth including total protein, albumin, prealbumin, and ferritin were correlated with gestational age and birth weight. Moreover, the prealbumin levels of SGA infants were significantly lower than those of AGA infants.
Furthermore, lower levels of total protein and albumin at birth were associated with a higher risk of need for respiratory support Post hoc comparisons allow further exploration of the differences compared to infants fed formula milk using the Turkey HSD test, which assumes equal variances for the groups. Abbreviations: ANOVA, analysis of variance; HSD, honestly significant difference; 25-OHD, 25-hydroxyvitamin D. Post hoc comparisons allow further exploration of the differences compared to infants without need for respiratory support using the Turkey HSD test, which assumes equal variances for the groups. Abbreviations: RDS, respiratory distress syndrome; TTN, transient tachypnea of newborn; ANOVA, analysis of variance; HSD, honestly significant difference; 25-OHD, 25-hydroxyvitamin D.
on the first day of life, regardless of the Apgar score.
Many biochemical indicators are commonly used to assess nutritional status. Recent studies have shown that low plasma protein levels are associated with poor prognosis and high mortality among infants. Bonsante et al. 5) reported that low plasma protein levels on the first day of life can be used as a prognostic factor for severe adverse outcomes such as death, grade 3 or 4 intraventricular hemorrhage (IVH), or cystic periventricular leukomalacia (PVL). Iacobelli et al. 6) also suggested that hypoproteinemia was significantly associated with adverse outcome on the day of birth. Because total protein level is a key indicator of colloid oncotic pressure, it has been used as a predictor of morbidity and mortality in acute illness. Their other study showed that total plasma protein had a significant predictive value comparable to the Clinical Risk Index for Babies as well as Score for
Neonatal Acute Physiology and Perinatal Extension II with scores greater than other validated severity scores 7) . Although infants with severe adverse outcomes, such as death, BPD, IVH, or PVL,
were not included in our study, we found that low total protein levels at birth were associated with the need for respiratory sup-port on the first day of life. Additionally, infants with infections such as pneumonia and sepsis showed lower total protein levels at birth than infants not requiring respiratory support.
Torer et al. 8) investigated the association between serum albumin levels and mortality in premature infants. The prevalence of RDS, sepsis, and mortality was significantly higher in infants with serum albumin levels less than the 25th percentile. Similarly, our study showed that lower albumin levels at birth was correlated with a higher need for respiratory support. Lower albumin levels result from inflammation and inadequate protein intake, which suggests an association between inadequate nutritional status and the need for respiratory support.
Vitamin D is also an important factor in early lung development and maturation. Vitamin D levels during pregnancy have a significant effect on placental development and weight, and play an important role in embryogenesis, fetal lung maturation and de velopment 12) . Several studies have shown that vitamin D was associated with fetal and neonatal lung maturation. Particularly, vitamin D has been associated with acute respiratory morbidity and BPD development among preterm infants [10] [11] [12] . In contrast to these studies, vitamin D status at birth was not significantly associated with gestational age and need for respiratory support after birth in our study. But in our study, most of the participants were late preterm or full term infants, which had limitation to present the correlation between gestational age and vitamin D status at birth.
Low albumin levels reflect a protein deficiency and immune deficiency status. However, the half-life of albumin is long (17 to 20 days), and the liver synthesizes albumin continuously in the early stage of malnutrition; thus, serum albumin levels remain relatively constant and may not present early nutritional deficiency 2, 3, 8) . On the other hand, prealbumin is mainly synthesized by the liver and excreted by the kidneys and gastrointestinal tract within its short half-life (1.9 days). The small size, short half-life, and abundant tryptophan content of prealbumin make it useful as a nutritional indicator [1] [2] [3] . Compared with albumin, prealbumin is sensitive to protein intake and is a good indicator of early nutritional status [1] [2] [3] [4] 12) . Prealbumin levels in umbilical cord blood were positively correlated with gestational age and birth weight 14) , although a study by Su et al. 15) suggested no association of prealbumin level with birth weight and gestational age. In our study, however, albumin and prealbumin levels at birth was correlated with gestational age and birth weight. Furthermore, albumin and prealbumin levels at birth were correlated with number of days to recover birth weight, but not after adjusting for gestational age.
These results suggest that the time to recover birth weight was more correlated with gestational age compared to nutritional status at birth in our study. Prealbumin levels of SGA infants were significantly lower than those of AGA infants, which could indicate that SGA infants have inadequate nutritional intake.
Infants without RDS have significantly higher prealbumin levels than infants with RDS 14) . An increase in prealbumin levels was demonstrated in neonates exposed to exogenous steroid administration or increased endogenous corticosteroid secretion such as during prolonged rupture of membranes. If a steroid such as betamethasone is administrated before labor, it could activate the liver's synthetic ability, thereby elevation of prealbumin levels in the cord blood. Compared with a previous study, the prealbumin levels of infants with RDS were not significantly lower than those of infants without need for respiratory support.
Also, the prealbumin levels at birth were not associated with the need for respiratory support on the first day of life. The prealbumin levels of infants from mothers with PROM were not sig nificantly higher than those of infants from mothers without PROM ( Supplementary Table 1 ).
Neonatal nutritional status at birth is correlated with maternal nutritional status during pregnancy. Lower maternal vitamin D and iron levels predisposed newborns to lower vitamin D and iron status at birth [16] [17] [18] . In our study, maternal nutritional markers were not measured; therefore, we did not analyze the correlation between maternal and neonatal total protein and albumin levels at birth. Here, total protein and albumin levels at birth showed a significant association with need for respiratory support, regardless of the Apgar score. This suggested that improving the maternal nutritional status could be an important factor for decreasing the risk of respiratory support in the neonate during the first day of life.
Our study has several limitations. We only included patients whose mothers had maternal PROM, preeclampsia, and GDM, which limited the analysis for identifying maternal diseases associated with nutritional status. We included neonatal risk factors such as respiratory distress, preterm infants, and apnea. Overall, there was limited comparisons with healthy infants. In the case of infants requiring parenteral nutrition, the volumes of fluid and feeding were individually different and were dependent on clinical status. Thus, we included only infants who met the re quired feeding volume through enteral feeding to minimize confounding factors. Consequently, early preterm infants were not included in this study. Furthermore, the small number of SGA infants posed a limitation on the comparison of nutritional markers between SGA and AGA infants.
In conclusion, nutritional status at birth could be associated with need for respiratory support on the first day of life, regardless of the Apgar score. Further studies on the correlation between maternal and neonatal nutritional markers, maternal macronutrients and micronutrients, and maternal nutritional status are warranted.
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